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AGGREGATE TESTING FOR 
SOUTHERN AGGREGATE'S POSTELL QUARRY 
INTRODUCTION 
The purpose of this study is to compare the physical behavior of nonnal production aggregate base 
material (sand equivalent SE= 23) with high specific gravity base material (sand equivalent SE=35) 
for southern Aggregate's Postell Quarry. This study was sponsored by the American Aggregates 
Corporation and Southern Aggregates Company. The repeated load triaxial test was used as the 
primary test method for this comparison. Both resilient modulus and pennanent defonnation 
material response was obtained from the repeated load triaxial test perfonned on the two Postell 
materials. 
REPEATED LOAD TRIAXIAL TESTS 
Test procedure 
The repeated load triaxial tests were perfonned using an MTS closed loop electrohydraulic 
testing system and an Analog Devics analog to dig]tal data acquisition system. The detailed test 
procedure used for the repeated load tests is given elsewhere [1]. All tests were perfonned on 
6 in. diameter specimens at the as-compacted water content. 
Resilient moduli were measured using three approaches: ( 1) two L VDTs mounted on clamps 
placed directly on the specimen, (2) two L VDTs placed between the top and bottom platens, 
and (3) two L VDTs placed on the outside of the triaxial cell . A check calibration of the 
L VDTs was perfonned before conducting the tests. -· Measurement systems were found to be 
working properly as indicated by good agreement between resilient moduli obtained from the 
clamp and externally mounted L VDTs. -
Two specimens were tested for each gradation and material with the combined test results 
being presented in this report. An exception to this was that only one specimen was used for 
the fine gradation for the nonnal production material (SE=23). 
Resilient Modulus Model 
Resilient moduli were calculated from the test results using The University of Texas (UT-
Austin) resilient modulus model. The UT-Austin model was used rather than the more familiar 
k=8 model since the UT -Austin model provides a statistically better curve fit of the data. The 
results from each set of resilient modulus tests were combined, and then a regression analysis 
was perfonned to obtain the best fit resilient modulus model. 
Material Gradation and Density. 
The nonnal production(SG=23) material was tested at a fine, medium, and coarse gradation 
as shown in Table 1. The high specific gravity material (SE=35) was tested at only the 
medium gradation (Table 1). The gradations used were the same as those employed in a 
research study previously performed on these materials by the Georgia Department of 
Transportation. 
TEST RESULTS 
Resilient Modulus Test Results 
The resilient modului test results are presented in Table 2. The resilient moduli shown in the 
table were calculated using the liT -Austin model fitted to the results of each pair of tests ( 
except for the fine gradation SE=23 material). Resilient moduli are compared for both a bulk 
stress 8 of25psi and 40psi. A range ofbulk stress from 25psi to 40psi would be expected 
to encompass the typical stress states existing in aggregate bases. Also, The 1986 AASHTO 
Design Guide suggests using a bulk stress of25psi for the subbase; this value ofbulk stress 
is presently used by some states for design. 
Medium gradation- A direct comparison for the SE=23 and SE=35 materials 
for the medium gradation shows the two materials to have resilient moduli of 
37,000psi and 36,300ps~ respectively, for 8=25psi and 50,500psi and 46,200psi 
for 6=40psi. For practical purposes the resilient module of these two materials 
can be considered the same. 
For comparison purposes, the resilint moduli for two bases from other sources 
are also shown in Table 2. Base 1 is a Norcross quarry base aggregate ( 1.5 in. 
maximum size, 100 percent T -180 compaction), and Base 4 is a well graded, 
3/4in. maximum size aggregate having a plasticity index of 5 and compacted to 
9 5% T -180 density. Both of these materials have approximately a medium 
gradation. The resislienf moduli for both materials are lower than for either the 
SE=23 or SE=35 Postell base materials. Based on these and other test results, 
both Postell. materials exhibit above average resilient moduli performance. 
Fine and coarse gradation- Resilient moduli for the fine and coarse gradation 
Postell normal production (SE=23) base materials are also shown in Table 2. 
For these gradations, the resilient moduli decrease compared to that for the 
medium gradation. For example, at a bulk stress of 6=25psi, the medium 
gradation resilient moduli is 37,000psi compared to 24,400psi for the fine 
gradation and 17,500psi for the coarse gradation. 
Resilient moduli were not obtained for either a fine or coarse gradation for the high specific 
gravity material (SE=J 5). However, had tests been performed for coarse and fine 
gradations, the resilient moduli would also be expected to decrease. 
Permanent Deformation Test Results 
The 1986 AASHTO Design Guide uses resilient modulus in determining the structural 
coefficient ofbases. However, permanent deformation is also considered to be an important 
design input which should also be included in the design process. Results of permanent 
deformation tests are also given in Table 2. 
Medium Gradation- For the medium gradation, a direct comparison can be 
made between the normal production (SE=23) and high production (SE=35) 
materials.The measured permanent strain (L\E-in percent) obtained after 
completing the resilient modulus test and applying 50,000 additional load 
repetitions was 0.043 in./in. for the SE=23 material compared to 0.025 in./in. 
for the SE=3 5 material. Both of these permanent strains are quite small. A 
permanent strain of 0.025 in./in. corresponds, for example, to a permanent 
specimen deformation of only 0.003 in. at the end of the test. 
For comparison, 8 bases having typical gradations had an average permanent 
strain (in percent) of0.15 in.fm. with a maximum value of0.20 and a minimum 
value of 0.114. Therefore, both Postell materials, for a medium gradation, 
exhibited less permanent strain than the best of the 8 materials tested in the 
other study. 
Table 2 also shows a comparison of permanent strain (Er) measured throughout 
the resilient modules test and then for 50,000 additional load repetitions. The 
medium gradation SE=23 material exhibited less permanent strain than either 
the Norcross base (Base 1) or Base 4 (0.2 in/in. compared to 0.35 in./in. and 
0.26 in./in., respectively). 
The permanent deformation performance for a medium grading is somewhat 
better for the high specific gravity material (SE=35) compared to the normal 
production material (SE=23). Both materials, for a medium grading, exhibit 
excellent behavior compared to other typical bases. These results indicate that 
both the SE=23 and SE=35 materials should exhibit quite good resilient and 
permanent deformation performance when placed at a grading near the medium 
curve used in this study. 
Coarse and Fine Gradation - The permanent deformation performance (given 
in percent strain) of the coarse and fine gradations for the complete test (Et in 
Table 2) was poor~r than for the medium gradation (0.65 in./in. compared to 
0.21 in./in. for the medium grading). These results are in agreement with the 
resilient modulus test findings. 
Comparison data for fine and coarse gradations of the SE=3 5 material is not 
available. However, an increase in permanent deformation susceptibility would 
be expected as the gradation moves away from the vicinity of the medium 
grading. 
SUMMARY AND CONCLUSIONS 
The resilient moduli ofboth the normal production (SE=23) and high specific gravity (SE=35) 
materials are, from a practical viewpoint, the same for a medium grading. Also, these resilient 
moduli are greater than resilient moduli typically measured for other materials. 
As the grading becomes finer and coarser than the medium grading, the normal production 
(SE=23) material exhibited poorer reslient modulus and permanent deformation performance. 
Tests were not performed on the high specific gravity material (SE=35), but poorer performance 
would also be expected for this material. These results suggest that both materials should be 
placed at a grading in the vicinty of the medium grading curve used in this study. If medium 
grading is maintained, both the SE=23 and SE=35 materials should exhibit better than average 
performance when compared to other materials. 
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TABLE I. Summary of Repeated Load Test Results: Direct Comparison of 
SE=23 and SE=35 Material 
Material Resilient Modulus (psi) Pennanent Strain(%) 
8=25 psi (Z) 8=40 psi <3> E /1 (4) E (5) 
T 
Nonnal Production (SE=23) 
Fine Gradation 
Medium Gradation 24,400 33,100 0.25 0.65 
Coasrse Gradation 37,000 50,500 0.043 0.21 
17,500 25,000 0.29 0.76 
High Specific Gravity 
(SE = 35) 
Medium Gradation 36,300 46,200 0.025 -----------
Comparison Bases 
(-Medium Gradation) 
Base 1(Norcross Quarry) 32,000 41,300 -------- 0.35 
(Gravel) 29,900 39,600 -------- 0.26 
NOTES: 
1. Axial Defonnation measured using clamps mounted on the specimen; Resilient 
modulus calculated using U.T-Austin Model and Composite of two test results. 
2. For Bulk stress8=25: 
3. For Bulk Stress 8=40psi : od == 17.5 psi and o 3 = 7.5psi. 
4. Pennanent deformation for 50,000 load repetitions measured after resilient 
modulus test. Stress conditions used: o 3=6psi,o /o3=4; Average of two 
tests. 
5. Pennanent deformation measured throughout resilient modulus test and 








Table 1. Summary of Aggregate Gradation and Specimen Density Used in Study 
%Passing Sieve Analysis:- No 10< 1> 
I Y2 I % y2 3/a No.4 No. 10 No. 16 No. 50 No. 60 No. 100 No. 200 
f' ormal Pr 1duction Material 
100 96 83 67 57 40 28 86 - 55 42 28 
100 96 85 70 61 45 35 86 - 55 42 28 
100 96 87 74 66 52 43 86 - 55 42 28 
Hil!h Soecific Gravitv Material 
100 96 85 70 61 45 35 85.4 68 52 42 23.5 
I. Average of two washed tests . 
2. Nonnal Production (SE=23) -No. 10 Sieve material tested was material Georgia DOT had stored in the 
laboratory; 
Normal Production material obtained fromthe quany had a SE=26 but was not used. 
MAX. Density 
GHD-49 (pcf.) 
144.4 
142.7 
143 .8 
143.3 
